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Abstract 

Introduction: To systematically review the relationship between low pH in inter- 
vertebral discs and low back pain. 

Material and methods: Electronic database (PubMed, ISI Web of Science, 
Cochrane Library, CINAHL, AMED, and China National Knowledge Infrastructure) 
searches and hand searching of conference proceedings were conducted. Two 
authors independently evaluated the methodological quality and abstracted rel- 
evant data according to standard criteria. Then the experimental methods and 
samples employed in the finally retrieved articles were assessed. 
Results: We first retrieved 136 articles regarding pain and pH, and only 
16 of them were mainly about low back pain and pH. Finally, 7 articles met our 
expectation to focus on the pathogenesis of low back pain caused by pH. In 
these 7 studies the authors held three opinions to explain the pathogenesis 
of low back pain in relation to low pH. First, low pH caused by lactate stimu- 
lates the muscle and increases the muscle tension, which causes low back pain. 
Second, low pH stimulates the nerve roots and produces the feeling of pain. 
Third, low pH changes the matrix metabolism, leading to neuronal death and 
low back pain. 

Conclusions: In this systematic review we propose a new hypothesis that low 
back pain may be caused by low pH based on the previous literature. Further 
experimental studies are necessary to verify our hypothesis. This hypothesis 
will promote our understanding of the pathogenesis of low back pain and 
the development of novel diagnostic and therapeutic approaches for low back 
pain. 
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Introduction 

Low back pain is one of the most frequent causes of morbidity and 
disability. Low back pain affects up to 50% to 80% of the population in 
developed countries and its recurrence rate amounts to 85%, resulting in 
an economic loss of approximately 50 to 100 billion dollars per year in 
the US [1, 2]. 

Currently, effective treatment of low back pain is severely hampered 
due to the fact that its pathogenesis remains elusive [3, 4], In recent years, 
several hypotheses have been proposed to explain the pathogenesis of low 
back pain and most of them focus on the dysfunction of the spinal col- 
umn and its components, such as injury and clinical instability [5-7], spinal 
column degeneration [8], inferior facet-tip impingement on the lamina [9], 
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and Schmorl's nodes [10] and facet joint injury [11]. 
Other hypotheses focus on subfailure injury of 
the spinal muscles and ligaments and propose that 
spinal ligaments, disc annulus, facet capsules and 
thoracolumbar fascia may cause chronic back pain 
due to muscle control dysfunction [12-16]. In addi- 
tion, the pain adaptation and pain-spasm-pain 
hypotheses have been proposed [17-19]. However, 
these hypotheses are largely speculative and need 
further experimental investigations. 

The intervertebral disc (IVD) is composed of the 
nucleus pulposus (NP), the annulus fibrosus (AF), 
and the endplates (EP). The corpora vertebrae lie 
above and below the discs. The healthy disc is avas- 
cular, and its nutrition depends on diffusion via 
the AF and EP [20, 21]. The discs mainly produce 
ATP via anaerobic glycolysis; consequently lactate 
is produced and the pH is lower than other tissues. 
Low back pain is known to be related to interverte- 
bral disc degeneration, and the pH would decrease 
in degenerated intervertebral discs [22, 23]. There- 
fore, low pH in the discs may be related to low back 
pain. Indeed, Hambly and Mooney [24] reported 
a close relationship between low back pain and low 
intradiscal pH in rabbits, while Krapf et at. [25] found 
that low pH could cause muscle spasm which was 
related to low back pain. 

Based on the previous literature we propose 
a new hypothesis that low pH may cause low back 
pain. In this systematic review, we have collected 
and analysed the relevant literature regarding 
the relationship between low pH and low back pain 
to address the following questions: (1) What role 
does low pH play in low back pain? (2) Is the rela- 
tionship obvious between low pH and low back 
pain? And (3), why are low pH and low back pain 
so relevant? 

Material and methods 

Electronic databases (PubMed, ISI Web of Sci- 
ence, Cochrane Library, CINAHL, AMED, and China 
National Knowledge Infrastructure), which were last 
updated on 26 Nov. 2011, were searched without 
limit by two independent investigators. The search 
used terms and Boolean operators as follows: (low 
back pain OR lower back pain OR low back ache OR 
low backaches OR lumbago OR recurrent low back 
pain OR postural low back pain or mechanical low 
back pain) AND (low pH OR lactate OR lactate OR 
hydrogen ion concentration). Reference lists of all 
the selected articles were hand-searched for any 
additional trials. Conference abstracts of key pain 
and orthopaedic journals were hand-searched to 
identify unpublished data. If necessary, we con- 
tacted the authors to get additional information. 

In total 136 articles were initially identified by 
literature search, and 113 articles were excluded 



after checking the titles and abstracts, which did 
not reach our expectation. Next we reviewed the 
full texts of the remaining articles and excluded 
the following articles: (1) articles not in English; 
(2) reviews, systematic reviews or letters; (3) pain 
in other tissues; (4) not related to pH, acidity or pro- 
tons. As a result, 16 articles were retrieved and 
the references of these 16 articles were checked to 
ensure that other pertinent publications would not 
be missed. Finally, seven articles met our expecta- 
tion to focus on the pathogenesis of low back pain 
caused by pH (Figure 1). The literature search was 
performed by two of the authors (CZLand HL) inde- 
pendently, and any disagreement was resolved by 
discussion. 

We scrutinized the seven articles with the focus 
on "the mechanisms by which pH causes low back 
pain", and then assessed the experimental meth- 
ods and samples employed in the seven articles. 

Results 

Seven articles met our expectation [26-32]. Then 
we evaluated the level of evidence for each article, 
according to the standard listed in Table I [33]. 
Five of them were level II, and two were level III. 
The characteristics of the seven studies are listed in 
Table II. 

Nerve roots 

Three studies involving 32 patients [26, 27, 29] sug- 
gested that low pH would stimulate the nerve roots 
and cause low back pain. 

Diamant etal. analysed the correlation between 
lactate level and pH in discs of patients with lum- 
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7 Articles ultimately were included [26-32] 



Figure L Flow diagram showing the selection of the 
relevant literature included in this systematic review 
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Table I. Definition of the level of evidence 



Level of evidence Characteristics of studies 



1. Randomized controlled trial 
a. Significant difference 



b. No significant difference but 
confidence interval 



2. Systematic review of level I 

randomized controlled trials (studies 
were homogeneous) 



1. Prospective cohort study 



2. Poor quality randomized controlled 
trial 



3. Systematic review (results from 
two or more previous studies) 



a. Level II studies 

b. Nonhomogeneous level I studies 
1. Case-control study 



2. Retrospective cohort study 



V 



3. Systematic review of level III studies 

Case series (no or historical control 
groups) 

Expert opinion 



bar rhizopathy and found that low pH was caused 
by the increased lactate level due to the enhanced 
anaerobic glycolysis within the NP, which counter- 
acts the decreased nutritional diffusion. The reac- 
tion of nerve roots in cases with low pH is related 
to increased production and leakage of acid metab- 
olism. Sensitive structures such as the nerve roots 
could be irritated by the leakage of acid metabo- 
lites and it was shown that pain will arise in tissues 
with low pH [26, 34]. 

Keshari et al. used HR-MAS NMR spectroscopy 
to analyse snap frozen samples taken from 9 pa- 
tients who underwent discectomy for painful disc 
degeneration [27, 35, 36]. They found that proteo- 
glycan, collagen, and lactate may serve as metab- 
olism markers of discogenic back pain. Therefore, 



they speculated that low pH was caused by in- 
creased lactate and increased lactate stimulated 
nerve fibres in granulation tissue associated with 
disc healing, which was correlated with discogenic 
pain [27, 35, 36]. 

Baumann et al. examined the responses of cul- 
tured adult human dorsal root ganglion (hDRG) 
neurons to low pH [29]. They found that low pH 
evoked, sustained depolarizations were due to more 
than one mechanism, and the inhibition of resting 
membrane conductance contributes to the respons- 
es to low pH in some hDRG neurons, which was 
related to low back pain [29]. 

Muscle tension and swelling of connective 
tissue 

A previous study suggested that low pH would 
increase muscle tension, which could cause low 
back pain [30]. The authors examined 20 patients 
with chronic palpable tension of the erector mus- 
cles of the spine, and found that the pH decreased 
because of the enhanced anaerobic glycolysis in NP. 
The low pH was caused by the accumulation of lac- 
tate. Lactate would stimulate the multifidus mus- 
cle and increase the muscle tension. Simultaneously, 
myogelosis is induced, leading to low back pain [30]. 
Vormann et al. [31] showed that the simple and safe 
addition of an alkaline multimineral preparate was 
able to reduce the pain symptoms in these patients 
with chronic low back pain. These results suggest 
that a disturbed acid-base balance may contribute 
to the symptoms of low back pain. 

Metabolism 

Bartels et al. measured the oxygen and lactate 
concentrations in 11 patients with back pain and 
13 patients with scoliosis, and found that in each 
case, the oxygen and lactate concentrations were 
the highest in the interior of the disc and fell toward 
the outer annulus [28]. Therefore, they speculated 
that the microcirculation through the endplate and 



Table II. Characteristics of the seven retrieved studies 



Study 


Level 
of evidence 


Number 
of patients 


Male/ 
female 


Age 
[years] 


Diseases 


Diamant et al. (1968) [26] 


II 


10 


6/4 


39 (average) 


10 Lumbar rhizopathies 


Keshari era/. (2008) [27] 


II 


18 




42 (average) 


9 Discogenic pain 
and 9 scoliosis 


Bartels et al. (1998) [28] 


II 


24 






11 Back pain and 13 scoliosis 


Bamrtann et al. (1996) [29] 


III 


4 


3/1 


46-55 


4 Chronic intractable pain 


Strobel et al. (1997) [30] 


II 


20 






10 Low back pain 
and 10 fibromyalgia 


Vormann et al. (2001) [31] 


II 


82 


30/52 


46/50 (average) 


82 Low back pain 


Moore et al. (1991) [32] 


III 


18 






18 Back pain 
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the rate of cellular metabolism would influence 
the oxygen and lactate concentrations in the disc. 
For instance, the oxygen concentration would 
fall as cellular demand increases; consequently 
the lactate concentration would increase and 
the pH would decrease. It was observed that in 
some discs the concentration of oxygen was less 
than 40 mm Hg and that of lactate was more than 
5 mmol/l, which would lead to cell death. 

Another study also indicated that decreased pH, 
decreased P0 2 and increased PC0 2 may be related 
to the mechanisms of pain production in patients 
with back pain [32]. These abnormalities can be 
identified by magnetic resonance imaging. Further 
investigation is needed to determine whether ther- 
apeutic manipulation of these variables can be ef- 
fective in relieving axial spinal pain. 

Low pH would lead to a change in the matrix 
metabolism, which could strongly influence the cell 
activity and even cause cell death. It is well known 
that acid-sensing ion channels (ASICs) on the cell 
surface could be stimulated by protons. After cells 
die, the protons would increase and activate ASICs, 
which in turn mediate ischaemic neuronal death 
[37], and eventually cause low back pain [28, 38-40]. 

Discussion 

After careful review of the seven articles we 
retrieved, we obtained a systematic view with 
regard to the relationship between low pH and low 
back pain, although the authors of the individual 
studies had proposed three different opinions. 

If low pH directly stimulates the nerve roots, 
the pH is very important to the healing of low back 
pain. Lactate would cause low pH, stimulate the 
nerve roots, cause depolarization at the surface 
of the nerves, and modulate the nociceptors to let 
the patients feel pain. However, in order to estab- 
lish a relationship between discogenic back pain 
and lactate, a much larger number of patients need 
to be studied and the changes in proteoglycans 
(PG)/collagen (col), PG/lactate peak (Lac), and 
Lac/col ratios should be correlated with visual pain 
scores or other pain indexes [27, 29]. 

The second opinion holds that low pH would act 
on the muscle but not nerve roots. If the oxygen 
tension falls below 5 mm Hg, the muscle tension 
would increase, and even result in myogelosis. 
Muscle contraction depends solely on the chemi- 
cal energy of ATP If the oxygen tension decreased, 
the cells would undergo anaerobic glycolysis and 
produce much lactate, leading to decreased pH. 
However, it remains elusive what level of pH would 
cause pain [30]. 

The third opinion claims that disc energy and 
matrix metabolism are crucially involved in low back 
pain [38-40]. This provides a valuable insight into 
the pathogenesis of low back pain. Nevertheless, 



the detailed cellular and molecular mechanisms by 
which disc energy and matrix metabolism disrup- 
tion lead to neuronal death and eventually pain 
development are not completely understood. 

This systematic review had several limitations. 
First, the heterogeneity between individual studies 
was substantial. Second, there are only small num- 
ber patients in several prospective cohort studies 
of selected articles. Third, there may be some selec- 
tion bias because the retrieved articles were con- 
fined to limited databases. 

In conclusion, in this systematic review we pro- 
pose a new hypothesis that low back pain may be 
caused by low pH based on previous literature, 
in which three opinions have been proposed by 
the authors to explain the pathogenesis of low back 
pain in relation to low pH. First, low pH caused 
by lactate stimulates the muscle and increases 
the muscle tension, which would cause low back 
pain. Second, low pH stimulates the nerve roots 
and produces the feeling of pain. Third, low pH 
changes the matrix metabolism, leading to neuronal 
death and low back pain. These different opinions 
are not exclusive but may be complementary. Fur- 
ther experimental studies are necessary to verify 
our hypothesis that low pH causes low back pain. 
This hypothesis will promote our understanding 
of the pathogenesis of low back pain and the devel- 
opment of novel diagnostic and therapeutic ap- 
proaches for low back pain. 
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